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Sagittal oblique T1-weighted fast spin echo, sagittal source 3D
T1-weighted fat-suppressed (FS) spoiled gradient recalled echo with
reformation performed in the axial and coronal planes, and sagittal and
coronal T2-weighted FS fast spin echo sequences were acquired at baseline
and follow-up. The knee was divided in 6 regions: patella, trochlea, medial
femur, lateral femur, medial tibia, and lateral tibia. Baseline MRI-detected
SS, deﬁned as low-signal intensity abnormalities in the subchondral bone
in both T1-weighted and T2-weighted sequences, were graded in each
region of the knee from 0 to 3. The presence of baseline SS is considered as
grades  1. The absence of baseline SS (grade 0) is considered as the
reference group. Cartilage morphology was assessed in each region of the
knee from 0 to 4. Grades 0 (normal) and 1 (intrasubstance signal changes)
represent normal cartilage morphology. Any increase of cartilage grade
from baseline to follow-up was considered as cartilage loss, except the
increase from grade 0 to 1. Regions having stable or decreasing cartilage
scores from baseline to follow-up were used as the reference for the
analysis. Each region of the knee was assessed separately (regional anal-
ysis). The association of baseline SS (grades  1) with cartilage loss over
time in the same region of the knee was assessed using logistic regression,
adjusted for baseline age, gender, BMI, and Kellgren-Lawrence grade in the
ﬁrst model, and with the addition of presence at baseline of concomitant
edema-like BMLs in a second model. We also assessed the correlation
between radiographic SS and MRI-detected SS in the three compartments
of the knee using Spearman's rank correlation.
Results: From the 163 subjects included, 88 (54%) were female and 64
(39.3%) had baseline radiographic OA (Kellgren-Lawrence grade  2). The
prevalence of baseline MRI-detected SS in regions varied between 1.6% at
the trochlea and 17% at the medial tibia. The occurrence of cartilage loss
over time in regions varied between 6.0% at the lateral tibia and 13.1% at
the medial femur. The prevalence of baseline SS on radiographs varied
between 2.9% at the patellofemoral compartment and 14.2% at the medial
tibiofemoral compartment. In both adjusted models we found no signiﬁ-
cant association between baseline MRI-detected SS and cartilage loss over
time in the same region of the knee. Moderate and signiﬁcant correlations
were found between MRI-detected and radiographic-detected SS at the
medial tibiofemoral (0.58; p<0.001) and lateral tibiofemoral (0.61;
p<0.001) compartments. In the patellofemoral compartment, correlation
was 0.26 (p<0.001).
Conclusion: Subchondral sclerosis was not associated with an increased
risk of cartilage loss in the same knee region at the 3 years follow-up visit.
The role of subchondral sclerosis in regard to structural disease progres-
sion in the knee using cartilage as the outcome needs to be questioned.
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LONGITUDINAL CHANGES IN CARTILAGE THICKNESS IN KNEES WITH
OSTEOPHYTES BUT NO JOINT SPACE NARROWING VERSUS
CONTRALATERAL KNEES WITHOUT RADIOGRAPHIC OA
S. Cotofana 1,2, R. Buck 3, D. Dreher 4, W. Wirth 1,2, F. Roemer 5,6,
J. Duryea 7, M. Nevitt 8, F. Eckstein 1,2. 1 PMU-Salzburg, Salzburg, Austria;
2Chondrometrics GmbH, Ainring, Germany; 3 StatAnswers Consulting LLC,
Minneapolis, MN, USA; 4 Totzke & Dreher Scientiﬁc SA, Geneva,
Switzerland; 5Dept. of Radiology, Boston, MA, USA; 6Boston Core Imaging
Lab, Boston, MA, USA; 7Harvard Univ., Boston, MA, USA; 8OAI Coordinating
Ctr., San Francisco, CA, USA
Purpose: Cartilage loss is considered a hallmark of osteoarthritis (OA).
However, recent evidence from 3D MRI morphometric measurements
suggests that knee cartilage may undergo thickening (swelling or hyper-
trophy) post-traumatically and at early (radiographic) stages of human
knee OA. Increasing cartilage thickness in early OA knees has been
particularly observed in the external medial and lateral subregions of the
weight-bearing femur (ecMF and ecLF). Spatial and directional heteroge-
neity in longitudinal cartilage thickness change, however, complicate
estimates of disease progression, because it increases the variability of the
outcome measure. We have shown previously that cartilage thickness in
ecMF and ecLF (but not in other femorotibial subregions) is signiﬁcantly
thicker in knees with osteophytes (OPs) and no joint space narrowing (JSN)
than in contralateral knees without OPs and without JSN. We test the
hypothesis that cartilage thickness displays signiﬁcant longitudinal (oneyear) thickening and is more variable in ecMF and ecLF in OP knees
without JSN, compared with contralateral knees without signs of radio-
graphic OA.
Methods: A within-person, between-knee approach was used to assess
longitudinal change of subregional cartilage thickness. Of 4798 Osteoar-
thritis Initiative participants, 50 were identiﬁed who a) displayed deﬁnite
femorotibial OPs and no JSN in one knee, b) showed OP and JSN scores of
zero in the contralateral knee, and c) had baseline and one year follow-up
images available on both knees (BMI 27.7 (4.7); age 61.1 (9.7); 25 women).
Cartilage thickness change and its variability were measured longitudi-
nally in femorotibial subregions, using a sagittal DESSwe MRI sequence.
Location-speciﬁc joint space width (JSW) from ﬁxed ﬂexion radiographs
was determined using dedicated software. One year changes in ecMF and
ecLF were selected as primary endpoints, and change in other subregions
or JSW measures as exploratory endpoints. Location-speciﬁc associations
of OPs with cartilage thickness were evaluated using paired t-tests and
mixed effect models.
Results: Longitudinal cartilage thickness change in ecMF was -694mm in
OP knees vs. -168mm in non-OP knees; the differencewas not statistically
signiﬁcant (p¼0.78). The change in ecLF was +1891mm in OP vs. +476mm
in non-OP knees (p¼0.38). Signiﬁcant differences in cartilage thickness
change were detected in the central lateral tibia (-49108mm in OP vs.
+1395mm in non-OP knees; p¼0.001); this ﬁnding remained statistically
signiﬁcant after correction for multiple testing of 16 subregions. No
signiﬁcant differences in JSW changewere identiﬁed between OP and non-
OP knees. In OP knees, the standard deviation of longitudinal thickness
change was larger than in non-OP knees in 12 of 16 subregions. This
ﬁnding reached statistical signiﬁcance in the central and anterior medial
tibia and in ecMF (p<0.05) and remained signiﬁcant in the anterior medial
tibia after adjusting for multiple comparisons.
Conclusion: These results indicate that variability of longitudinal cartilage
thickness change is larger in knees with early radiographic OA (e.g. both
thinning and thickening potentially going on at the same time) than in
contralateral knees without signs of radiographic OA. OP knees displayed
signiﬁcantly greater cartilage loss in the central lateral tibia, but did not
show evidence of longitudinal thickening compared with contralateral
non-OP knees.
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CAN T2 RELAXATION BE USED TO PREDICT KOOS OTHER SYMPTOMS? -
DATA FROM THE OSTEOARTHRITIS INITIATIVE
A. Martinez-Torteya 1, J.I. Galván-Tejada 1, S. Totterman 2, J. Farber 2,
V. Treviño 1, J.G. Tamez-Pena 1. 1 ITESM, Monterrey, Nuevo Leon, Mexico;
2Qmetrics Technologies, Rochester, NY, USA
Purpose: The development of targeted therapies for OA related knee pain
requires an understanding of the precise etiology, the source, of the pain.
MRI derived T2 relaxations maps may provide a non-invasive tool capable
of localizing OA related knee pain. But, due the heterogeneity of the T2
values in the different joint structures at the different stages of the OA, the
analysis of the T2maps can be very complex. The analysis can be simpliﬁed
by using advanced bioinformatics tools that can automatically explore the
association of thousands of quantitative image ﬁndings to knee symptoms.
The purpose of this work was to study a) the use of advanced image
analysis tools to automatically quantitate T2 based image variables b)
whether those variables can predict OA related knee pain as measured by
KOOS other symptoms score.
Methods: Osteoarthritis Initiative clinical datasets releases 0.2.2 and 3.2.1
and 0.C.2 and 3.C.1 image datasets were used in this study. The 149
subjects with baseline right knee multi-echo spine echo (MESE) and 3D
WE DESS MR image series were included into the study. The 3D WE DESS
images were segmented using iPAS (IMITEK, Monterrey, Mexico) and the
segmented image sets were co-registered with the corresponding MESE
image series. T2 relaxation time was then computed for every voxel in the
images. After the T2 computation, 520 T2 variables were extracted from 12
anatomical locations of the tibia-femoral joint. The subjects were divided
into three categories: subjects experiencing many symptoms (MS)
(KOOS<70), subjects having few or no symptoms (NS) (KOOS>90), and
subjects with moderate symptoms (70<¼KOOS<¼90). GALGO software
was used to automatically ﬁnd the top variables that best separate the 44
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S209MS subjects from the 31 NS subjects. These variables were then used in
a linear regression model to predict the KOOS other symptoms score of all
analyzed subjects.
Results: 5 subjects were removed due to poor MESE segmentation. The T2
skewness at the trochlear cartilage (v1), the femoral bone T2 standard
deviation at the trochlea (v2), the T2 differences at the bone cartilage
interface (BCI) between the central medial and lateral femoral bone (v3),
the standard deviation of T2 at the BCI of the lateral femoral cartilage (v4),
and the T2 kurtosis differences between the central medial and lateral
femoral bone (v5) best predicted the KOOS other symptoms with a sensi-
tivity 0f 0.738, an AUROC of 0.733, and an R2 of 0.192, as seen in Table 1.
Conclusion: Automated, advanced image analysis coupled with advance
bioinformatics tools is an effective way to develop T2 based image vari-
ables associated with OA related knee symptoms. Local variations in T2
values were the strongest predictors of the KOOS other symptoms score.
Therefore, a large spread of T2 values may be an indicator of joint disease
and patient discomfort.
Ă
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IS MEDIAL KNEE OSTEOARTHRITIS ASSOCIATEDWITH CHANGES AT THE
ANKLES AND THE FEET?
B. Goker 1, A. Tufan 1, R.H. Lidtke 2, J.A. Block 2. 1Gazi Univ., Ankara, Turkey;
2Rush Univ., Chicago, IL, USA
Purpose: Primary ankle osteoarthritis (OA) is considered to be uncommon,
however, an association of radiographic ankle OA with symptomatic knee
OA has recently been reported (McDaniel G, PMID 21310252) , and lateral
ankle pain is common in patients with knee OA. We hypothesized that the
the tibio-femoral malalignment and lateral shift observed in medial knee
OA would be associated both with radiographic OA of the ankle and with
altered center of pressure (COP) of the foot during the stance phase of gait.
Methods: 90 subjects with symptomatic medial knee OA (K-L grade 2-3,
ambulatory pain >30 mm on a 100 mm VAS) were included. Full limb
mechanical axis and AP X-rays of the ankles were obtained. Joint space
width (JSW) of themedial and lateral tibiotalar joints weremeasured using
a validatedmethod (Goker B, PMID 19381746). Also, in addition to the knee
alignment angle, the tibial lateral shift, deﬁned as the distance between
the center of the intercondylar notch of the femur and midpoint of the
tibial plateau, was measured, using Image J software (US NIH, Bethesda,
MD, http://rsbweb.nih.gov/ij/). In 10 randomly selected patients center of
pressure were measured during the stance phase of the gait. Pearson's
correlations were calculated to analyze the relationship between the ankle
JSW and the other radiographic parameters. Spearman's correlation test
was used to analyze the relationship between the tibial lateral shift and
COP of the foot. p <0.05 was considered signiﬁcant.
Results: The meanSD tibial lateral shift was 5.182.45 mm, and was
inversely related to the lateral ankle JSW (r¼-0.27, p¼0.01). In contrast,
there was no relationship with the medial ankle JSW (r¼-0.16, p¼0.12).
Also, the knee alignment angle (mechanical axis) was not associated either
with medial or lateral ankle JSW (r¼0.11, p¼0.23 and r¼0.16, p¼0.12,
respectively). Therewas a direct and signiﬁcant relationship between tibial
lateral shift and COP (rho 0,64, p¼0.046).Conclusions: Radiographic JSW is a measure of cartilage loss, and is
directly related to strucutral OA progression. These ﬁndings of an associ-
ation between the magnitude of lateral tibio-femoral shift in knee OA and
narrowing of ankle JSW and COP suggest that the aberrant loading of the
knee in OA has structural implications at the ankle and the feet, and may
explain the previously described association between medial knee OA and
radiographic ankle OA.
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BONE MARROW LESIONS IN THE KNEE DIAGNOSED IN MR IMAGES ARE
ASSOCIATED WITH LOCALLY INCREASED BONE MINERAL DENSITY
MEASURED ON CT IMAGES
T. Lowitz 1, O. Museyko 1, L. Laouisset 2,3, J.-D. Laredo 2,3, V.D. Bousson 2,3,
W.A. Kalender 1, K. Engelke 1. 1 Inst. of Med. Physics, Univ. Erlangen-
Nürnberg, Erlangen, Germany; 2 Service de Radiologie OstéoArticulaire,
Assistance Publique-Hôpitaux de Paris, Hôpital Lariboisière, Paris, France;
3Université ParisVII - Denis Diderot, Paris, France
Purpose: While the correlation between bone marrow lesions (BML) and
the progressive deterioration of hyaline cartilage is evident in patients
with knee OA, the association with bone mineral density (BMD) is
ambiguous. We used advanced 3D QCT imaging with a dedicated MIAF
analysis software to measure BMD and CT-MR registration to correlate
BML with BMD.
Methods: 3D CT images of the knee of 34 patients with knee OA (KL grade
2 or 3) were analyzed with MIAF-Knee starting with an automated 3D
segmentation of the periosteal and endosteal surfaces of femur and tibia.
Based on anatomic coordinate systems and segmented growth plates,
three subchondral VOIs with increasing distance from the joint space were
deﬁned in tibia and femur (see left ﬁgure), which were ﬁrst subdivided
intomedial and lateral and then further into anterior, central and posterior
subVOIs, in which BMD was determined.
BMLs were diagnosed on coronal MR images (turbo spin echo sequence) in
17 patients (WORMS grade >¼ 1) in either femur or tibia (BML group). 17
patients without BMLs were used as control group. A 3D registration
between CT and MR data was performed to transfer all CT subVOIs to the
MR datasets (see right ﬁgure). Then, BMD differences between the VOI
containing the BML and its direct neighboring VOIs were calculated. For
large BMLs, the BMD of all VOIs covered by the BML were averaged.
Neighbor VOIs were considered in 3 dimensions (medial-lateral, proximal-
distal, anterior-posterior). Corresponding to each dataset of the BML
group, the BMD difference was also calculated using the same VOIs in
a randomly assigned dataset of the control group. This procedure was
repeated ﬁve times. Therefore, for each patient of the BML group, the
corresponding BMD differences in the control group were averages
derived from 5 different control datasets.
Results: Despite different resolution in CT (voxel size 0.25 x 0.25 x 0.3
mm3) and MR (voxel size 0.55 x 0.55 x 3.0 mm3) acquisitions, the regis-
trations showed very good overlap.
ĂDue to the BMD gradient in the epiphysis, percentage BMD differences
between VOIs containing lesions and their neighboring VOIs were signif-
icantly different from zero in both groups. However, differences between
VOIs were signiﬁcantly higher (t-test, p<0.01) in the BML group (43.0%
40.0%) compared to the control group (11.7%22.9%).
Conclusions: Despite the relative small sample size, we found in patients
with knee OA that the presence of BMLs was strongly associated with
